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Untargeted 2DxLC-Mass Spectrometry using SWATH-DIA-Based Workflow for the Characterization of Lipid 

Profiles in Plasma Samples
Sample preparation workflow 

The use of lipidomic analyses based on LC-mass spectrometry has become widespread due to

its sensitivity and specificity which provides a broader picture of lipid profiles in biofluids. It also

contributes to understand the role of lipids in biological processes and complement other "-omics"

data. Special attention has also been paid to lipid profile alterations to establish biomarkers for the

diagnosis and prognosis of various diseases. In this work, we combined an automated sample

extraction and a two-dimensional liquid chromatography (2DxLC) system with HILIC-based class

separation followed by an orthogonal reverse-phase chromatography with an untargeted SWATH-DIA

workflow to accurately annotate phosphatidylcholines (PC), lysophosphatidylcholine (LPC) and ether-

phosphatidylcholines (PC O-) in human plasma samples.

Instrumentation
Automated sample preparation and fraction collection platform

• Fully automated robotic sample preparation with hyphenated dual LC-SWATH/MS analysis for lipids.

• SWATH/MS acquisition to record all the product ions originated from specific precursor ion windows

in order to measure lipids.

• Annotation and characterization of PC, LPC and PC O-lipids in human plasma, using CID (ESI-)

SWATH-MS and EAD (ESI+) DDA-MS.

1. Raetz, M., Duchoslav, E., Bonner, R. et al. Hybrid SWATH/MS and

HR-SRM/MS acquisition for phospholipidomics using
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Figure 1. The Robotic tool change (PAL RTC, CTC Analytics) was equipped with the modules required for the

sample preparation as shown in the diagram above.
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Figure 3. A) Extracted ions chromatogram of PC and LPC acquired in SWATH-DIA

negative mode using an Acquity UPLC BEH HILIC column (100 x 1 mm, 1.7

μm). B) Extracted ion chromatogram of PC’s 36 series in fraction 30 acquired

in SWATH-DIA mode using a ballistic gradient of 8 minutes and a Kinetex 2.6

µm XB-C18 100 A (100 x 2.1 mm, 2.6 μm).

LC-MS methods
1. Class Separation (HILIC)1

2. Fractions analysis (Reverse phase) 
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B) A: 5 mM AA in ACN/H2O (1:1) + 0.1% AcOH 

B: 5 mM AA in IPA/ACN/H2O (80:15:5 v/v) 

+ 0.1% AcOH

Flow rate: 0.4 ml/min

A: 10 mM AA in MeOH/H2O (10:90 v/v) + 0.1% AcOH

B: 10 mM AA in ACN + 0.1% AcOH

Flow rate: 0.1 ml/min
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Figure 2. Injection valve system used for a) Analysis of the lipid extract, followed by fractions collection and

b) Injection valve system adapted with an online dilution system and an SPE concentration step to

analyze each fraction.
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• The PAL RTC automated sample preparation platform allowed us to quickly and reproducibly process the human plasma samples

• By collecting fractions corresponding to the class separation, it is possible to select groups of compounds for which the reversed-phase separation

conditions and the acquisition method (SWATH-MS) can be tailored.

• The combination of a fully automated robotic 2DxLC SWATH-MS workflow can be applied to improve the accurate annotation and quantification of lipids in

human plasma samples.

• This approach will also be used to investigate other lipid classes and its quantitative performance will be evaluated using the SRM1950 reference plasma

Characterization

HILIC Reverse Phase 

Figure 4. A) HILIC chromatogram of human plasma after MTBE liquid-liquid extraction and the product

ion (M/Z) distribution plot obtained using EDA-MS, where the class separation can be clearly

observed. B) Overlaid MS1 signals of PC’S 34 and PC’S 36 and their corresponding isotopic

distribution pattern to appreciate the effect of the coelution of these compounds, C)

Separation of the MS1 Signals (TOF XIC) corresponding to PC’s series 34 and 36, where it

is clearly the effect of the use of a ballistic gradient to separate these lipids and the positive

effect to avoid the isotopic contribution.
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Figure 5. An example of the fragmentation pattern of 3 identified lipids (PC 34:2, PC 36:1 and LPC 18:0) in plasma are presented below. Spectra on the left

correspond to the unit mass SWATH approach. EAD-DDA was also used to acquire fragmentation information corresponding to the headgroup,

backbone, acyl chain localization, and to determine the tentative location of the double bonds in some cases (right).
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MS analysis conditions
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EAD (ESI+) acquisition 

Parameter Value

CUR 35

TEM 550

DP 50

GS1 55

GS2 60

KE 12 eV

CID (ESI-) acquisition 

Parameter Value

CUR 35

TEM 500

DP -80

GS1 30

GS2 35

CE -40 ± 30 eV
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